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Enface Reconstruction of VSD on RV Septal Surface
Using Real-Time 3D Echocardiography
Kothandam Sivakumar, MD, DM, Anilkumar Singhi, MD, Sreeja Pavithran, MD
P ICTORIAL REPRESENTAT ION OF VENTR ICULAR SEPTAL DEFECTS ON
THE R IGHT VENTR ICULAR SEPTAL SURFACE to guide the surgical or interventional
closure was often mentally reconstructed based on multiple 2-dimensional echocardiographic images
(1). Three-dimensional imaging was an improvement but needed elaborate post-processing, used
nonuniform protocols that sometimes needed deep sedation, and respiratory motion often caused
multiple stitch artifacts in full-volume acquisitions. We show an easier real-time method using a uniform
subxiphoid live 3-dimensional echocardiographic acquisition (60o 20o sector width) that is steered to
cover the entire interventricular septum and generates good reproducible images in most patients
under 10 to 12 years of age. This protocol does not involve major post-processing, and images are
available online for interpretation during the time of acquisition. The relation of the defect to various
right ventricular septal landmarks such as tricuspid, aortic, and pulmonary annuli; proximity of the
defect to the anterior, posterior, and apical margins of the interventricular septum; and other landmarks
such as septal band are shown on the volume-rendered enface image. This iPIX shows a series of
different image sets depicting various types of ventricular septal defects, all of which were acquired
using this protocol (Figs. 1 to 6).
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Figure 1. Volume Rendering of Right Ventricular Septal Surface From Subxiphoid View
A live 3-dimensional (3D) echocardiographic acquisition is made from subxiphoid window with the x7-2 matrix probe (Philips Medical systems, Andover, Massa-
chusetts) held on the coronal plane. The probe is manipulated counterclockwise to get both the right ventricular inﬂow and outﬂow in the image. The lateral
width is steered to 50° to 70o to include the entire right ventricular (RV) septal surface, elevation width is reduced to 20° to 30o to get the highest frame rate
(A). The gains, compress, and smoothening are adjusted to render an enface view of the RV surface of the interventricular septum. Two-dimensional images
(Online Video 1A) of a large perimembranous ventricular septal defect (VSD) (arrows) are shown on subxiphoid short-axis (B) and long-axis views (C) and also on
a parasternal short-axis view (D). Using a live 3D acquisition, (Online Video 1B), the RV surface is volume rendered (E) and shown enface in an illustration (F).
The small conal muscle of Lancisi coursing across the VSD (B and C) is clearly demonstrated in volume-rendered images (E and F). Ao  aorta; IVS  interven-
tricular septum; LA  left atrium; LV  left ventricle; PA  pulmonary artery; RA  right atrium; RVOT  right ventricular outﬂow tract; TV  tricuspid valve.
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Figure 2. Subpulmonary Ventricular Septal Defect
A moderate-sized subpulmonary VSD (arrows) is demonstrated on 2-dimensional images on subxiphoid short-axis (A) and parasternal long-axis (B) views. The
defect adjacent to the right aortic cusp and immediately beneath the pulmonary valve is represented on volume-rendered image on the RV septal surface
(C, Online Video 2A). The 3D volume rendering of the RV septal surface shows the continuation of the moderator band from the apical end of septal band (SB)
to the base of anterior tricuspid papillary muscle (dotted arrow). A color Doppler interrogation of the ﬂows through the defect on the 3D image
(D, Online Video 2B) and an illustration (E) add to the understanding of the defect. Abbreviations as in Figure 1.Figure 3. Large Mid-Muscular VSD Before and After Device Closure
A large mid-muscular VSD (arrows) shown on subxiphoid long-axis (A) is
volume rendered on the right ventricular septal surface. (B, Online Video 3A)
After device closure with a large Amplatzer duct occluder device, (AGA
Medical, Plymouth, Massachusetts), subxiphoid short-axis image (C) and 3D
volume rendering (D, Online Video 3B) show the device closing the defect.
Abbreviations as in Figure 1.
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The utility of this technique of live 3D echocardiography to reconstruct
the location of the defects enface on the right ventricular septal
surface is best illustrated when there are multiple defects. Subxiphoid
long-axis view (A) with color Doppler interrogation (B) showed
3 ventricular septal defects in this patient. A large perimembranous
defect, large mid-muscular, and moderate-sized apical muscular defects
are identiﬁed with a dotted arrow, block arrow, and thin arrow,
respectively. When the interventricular septum is serially sliced on
subxiphoid short-axis views, basal slices (Online Video 4A)
demonstrates the perimembranous defect in relation to the tricuspid
and aortic valves, mid-cavity slices (Online Video 4B) demonstrates the
large mid-muscular defect, and apical slice (Online Video 4C) shows
the apical muscular defects, respectively. 3D echocardiography
(C, Online Video 4D) assists volume rendering all these defects and an
illustration (D) aids communication with the surgeon about the
relation of these defects to the tricuspid valve and septal band.
Abbreviations as in Figure 1.
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Figure 5. Another Illustration of Multiple Muscular Defects
Subxiphoid short-axis views (Online Video 5A) in this patient is identiﬁed with arrows, red color Doppler ﬂows through a large posterior muscular defect in the
inlet septum (A) and blue color Doppler ﬂows through a moderate sized anterior marginal muscular defect (B). Parasternal short-axis view demonstrates these
defects in the anterior and posterior margins of the interventricular septum. (C) When the defects are rendered on a live 3D echocardiogram, more anatomical
information is added. The close relation of the posterior inlet muscular defect to the crux of the heart and the annulus supporting the posterior tricuspid leaﬂet
and the location of the anterior muscular VSD on the anterior margin of the interventricular septum below the parietal band are best illustrated in the enface
views (D, Online Video 5B) and the illustration (E).
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Figure 6. Inlet VSD in Atrioventricular Canal Defect
The ventricular septal communication in complete atrioventricular canal
extends to a variable extent below the superior bridging leaﬂet (SBL)
and inferior bridging leaﬂet (IBL) components of the common
atrioventricular valve (CAVV). Subxiphoid short-axis views (A, Online
Video 6A) show the color ﬂows through the VSD in systole beneath both
the SBL and IBL; however, the extent of the VSD can never be precisely
shown on 2-dimensional echocardiography. 3D volume rendering
(B, Online Video 6B) of the RV septal surface shows an excellent
perspective of the scooped out appearance of the inlet VSD (multiple
arrows) in relation to the bridging leaﬂets. The anterosuperior extension
of the defect below the aortic valve is clearly evident on the volume-
rendered image and illustration (C). Abbreviations as in Figure 1.
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